The aim of this paper is to explore the presence and possible incorporation of inquiry-based learning approaches using Robotic Telescopes and Student Research in the regular science curriculum. This study uses preliminary findings from an extensive ongoing study, which is currently reviewing the extent of astronomy content in the school curriculum of the 35 member countries from the OECD in addition to two emerging nations in modern astronomy -China and South Africa, which are not part of the OECD. Analysis of curriculum documents from 28 OECD countries, including China and South Africa, reveals that although there is a prevalence of astronomy related content in most grades, incorporating Robotic Telescopes and Student Research into the regular science curriculum is limited by two interdependent factors. Firstly, the majority of curricula introduce astronomy-related concepts through a descriptive lens, with a focus on the "what?", rather than the "how?" or "why?". Secondly, astronomy in comparison to other topics gets very little time allocation. Robotic Telescopes provide teachers with enormous potential to teach students not only topics related to science, but also to afford students the opportunity to engage in "authentic science". Thus, it is vital for the members of the astronomy community to play a greater role in the development of curricula.
Introduction
Inquiry-based learning (IBL), which is based on the philosophies of the constructivist movement (Dewey (1938) ; Bruner (1961) ; Vygotsky et al. (1962) , Vygotsky (1978) ), has enjoyed widespread popularity in recent years. IBL also encompasses the interrelated notions of authentic science experiences (van Eijck and Roth, 2009) , and authentic inquiry (Sarkar and Frazier (2008) ; see
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talk by Mary Dussault, RTSRE 2017). These notions of "inquiry" and "authenticity" are aimed at making the learning experience relevant and real, whilst trying to emulate, within constraints, "real-life" scientific investigation (Chinn and Hmelo-Silver, 2002) . Unfortunately, some teachers lack the real-world scientific research skills (Buxner, 2014) needed to be able to nurture this in the classroom. Often teachers emphasize that science follows a linear step-by-step procedure, from hypothesis to conclusion. Scientists know all too well that this could not be further from the truth. Scientific investigation and research is filled with moments of serendipity and uncertainty. This notion was highlighted in the talk by Richard Berry at the RTSRE Conference 2017.
It should be noted, however, that teachers are restricted by time (McKinnon 2017, personal communication) . The daily administrative responsibilities of teaching (at least in Australia and the UK) prevent most teachers from "exploring" topics, except for those mandated by the curriculum.
On the one hand, we have a seemingly rigid curriculum -the "Prime Directive" -which teachers are mandated to follow and "tick the boxes". On the other hand, we have technology that affords students the opportunity to experience "authentic" research. Some teachers would argue that the curriculum is too rigid and descriptive to allow exploration, whilst others would state that IBL requires time and may not be suited to all students ).
This paper is part of an extensive ongoing study, which is currently reviewing the extent of astronomy in the school curriculum within the OECD countries, including China and South Africa (Salimpour et al. 2018, in prep.) . China and South Africa despite not being members of the OECD, were included in this study given that they are becoming major players in the field of modern astronomy given large-scale projects like the Square Kilometre Array (SKA, South Africa) and the Five-hundred-meter Aperture Spherical radio Telescope (FAST, China). These projects include international collaborations, which allows us to compare how their curricula vary from their collaborators. 
Robotic Telescopes, Student Research and Astronomy Education
The extensive history and development of the field of Robotic Telescopes is beyond the scope of this paper. Furthermore, several authors with vastly more experience in the field have already provided in-depth reviews on several facets of Robotic Telescopes, incorporating Student Research (Genet, 2011) , including the recent review of these instruments in education (Gomez and Fitzgerald, 2017) , it is the field of education, which has yet to embrace and harness the power of Robotic Telescopes. The "authentic" nature of the use of Robotic Telescopes lends itself seamlessly to implementing IBL and "authentic science" in the context of the classroom, and by extension, student research. Students revel at the fact that they have been able to use real research-grade telescopes to obtain actual data. Although the exact role of ownership of the data in motivating students has yet to be determined, there is evidence that it is an important factor (Slater, 2018) , this is echoed by , and Gould et al. (2006) .
It is worthwhile highlighting the definition of Robotic Telescopes. Essentially, Robotic Telescopes refers to telescopes which use hardware and software to control the telescope. Once telescopes are 'roboticised' users can remotely control them (Gomez and Fitzgerald, 2017) .
Astronomy is commonly referred to as the "gateway science" (National Research Council, 2001) in the sense that it provides students with a conduit to get engaged with, and appreciate other sciences. This characteristic of astronomy was echoed in RTSRE 2017 keynote address by Timothy F. Slater, where he highlighted how it can be used as a vehicle to inspire students to appreciate science and encourage them to pursue science, rather than creating astronomers per se. This is illustrated in the recent work of Danaia et al. (2017) who reveal the significant positive changes in student perceptions of science after undertaking an astronomy education program.
In a sense, it should not be expected that 'Robotic Telescopes' should be found in the astronomy curriculum in the same manner that "Multimeter" would not be found within a physics curriculum necessarily. The telescope and the multimeter are both tools in the service of learning content and skills while driving motivation and interest. In a similar manner, 'Student Research' is unlikely to be found directly within the curriculum of many nations, but it is a theme that expresses itself in multiple guises, such as "Depth Studies" or "Problem-based Learning" or "Inquiry-based Learning" and can play small or large parts of the curricula. The question is how various curricula are tapping into Robotic Telescopes.
Another factor that should be noted is, despite the fact that we are seeing large-scale highly sophisticated telescopes/instruments for astronomical research; there is still a vast amount of research that can be conducted via small-scale telescopes. In fact, as highlighted by Querci and Querci (2000) , some astronomical research is better suited to smaller telescope. This factor in and of itself warrants greater use of Robotic Telescopes in schools, especially given that astronomers do not have the time or resources to "study every square inch of the universe". (2008)).
Benefits of Robotic Telescopes and Student Research in Education
Overall, the use of Robotic Telescopes in various educational contexts can be demarcated into two categories (Gomez and Fitzgerald, 2017) , although projects can achieve both:
1. Those which provide engagement through aesthetic astronomical imaging 2. Those which provide authentic research through research-grade data collection involving astrometry, photometry or spectroscopy
We have listed a handful of the projects which implement authentic use of Robotic Telescopes in classrooms across the world, in different year levels from primary to high-school:
1. Universe in the Classroom (Roberts et al., 2018) 2. Charles Sturt University Remote Telescope Project 3. Our Solar Siblings 4. SPIRIT telescopes (Luckas and Gottschalk, 2018) 5. SkyNet Observe (SkyNet, 2007) and SkyNet Junior Scholars (SkyNet, nd)
The above projects all possess similar over-arching aims: engaging students in STEM and providing students with authentic experiences in science. Evaluations of these projects has shown the positive effect they have on student learning in classrooms. However, although these projects exist, the question remains as to whether curricula are tapping into these resources. These projects as is the case of Our Solar Siblings ties directly into the Year 10 Australian Curriculum, International Baccalaureate and the Next Generation Science Standards.
Hollow (2000, 2009) show how authentic astronomical research using research-grade instruments engages gifted and high-achieving students who would otherwise be unenthused by the restrictive curriculum. The study by Roberts and Wassersug (2009) , highlights the positive influence authentic research projects can have on school student's later science-related career choices. Furthermore, Gomez and Fitzgerald (2017) , highlight how the use of Robotic Telescopes has led to authentic research and publications by school students. As a student going into tertiary education, whilst having a publication in a scientific journal to your name, would be a strong motivating factor to pursue science. And as teacher knowing that your students have contributed to the collective scientific knowledge of the Universe is priceless.
The Curriculum
The notion of curriculum as defined by its Latin root "course of race" is not new. Its first use in education dates back to the late 16th century (Hamilton, 2013) . It was only in the early 20th century, inspired by the work of Frederick Taylor that John Franklin Bobbit produced his seminal works on the curriculum (Bobbit 1918 (Bobbit , 1924 ). Bobbit's view was that curriculum provided teachers with procedures that would allow students to reach certain objectives. It was about creating efficiency and by extension, "standards of attainment".
The notion of standards ultimately made curriculum the sociopolitical statement it is today and an international endeavor (Pinar, 2013) . As highlighted in the work of Burrill et al. (2015) and Pinar (2013) , every country has their own approach to curriculum, although there are some commonalities. These standards influence what teachers can teach, although, some curricula intentionally offer broad statements, allowing teachers to put their own "twist" on what is covered. The amount of "twist" is, in essence, determined by the infamous time factor!
Methodology
At its core, this study is a policy research project (O'Toole and Beckett, 2014), which uses a mixed-methods approach to analyze curriculum documents. Curriculum documents were obtained from the Department of Education websites of OECD countries, and translated into English either by speakers of the native language or via Google Translate c . The curriculum documents reviewed in this study were from countries in the OECD, which is a consortium of 35 countries across the world (OECD, 2016). As noted earlier, the study also included China and South Africa. These two countries are emerging nations in modern astronomy, ergo, they provide comparison points. Given that China has several different curricula, our study only focused on the school curriculum from Zhejiang. South Africa hosting the Square Kilometer Array (SKA) and China with its newly opened Five-hundred-meter Aperture Spherical radio Telescope (FAST), show that these countries are heavily investing in the development of astronomy.
Analysis
This study analyzed a total of 45 curricula from 28 OECD countries, including China and South Africa. This is due to the fact that curricula for the UK included three separate curricula for England, Scotland, Wales and Republic of Ireland, whilst the curricula for the USA included the states of Texas
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and California. In addition, the curriculum is different for each of the provinces in Canada.
The analysis involved extracting sections from the curriculum documents that explicitly addressed astronomy-related concepts. These sections were then analyzed using Leximancer, a text mining software application (Smith and Humphreys, 2006) , to investigate if there were any instances of keywords related to Robotic Telescopes. The second level of the analysis involved identifying whether the extracted sections related to astronomy provided teachers with the flexibility to use Robotic Telescopes and/or Student Research to teach relevant knowledge/skills.
Results
The review of the 45 curricula revealed that astronomy-related topics were prevalent in at least two or more grades across the OECD countries, including China and South Africa. Finally, we need to find a solution to alleviate the limited time teachers have to cover all topics. This will involve more of a political change and is beyond the scope of this study.
Conclusion
Robotic Telescopes have afforded the opportunity to anyone with a keen interest and curiosity to pursue astronomical research. Geographical locations, access to dark skies and sophisticated instruments are no longer limiting factors. However, despite the fact that the field of Robotic Telescopes has been active for decades, its integration into regular science curricula has been absent.
Analysis of 45 curricula from 28 OECD countries, including China and South Africa, reveals that although there are occurrences of astronomy across Grades 1-12, in addition to astronomy in elective subjects, there is no explicit mention of Robotic Telescopes. Most of the curricula (with some exceptions) address topics in astronomy from a descriptive and conceptual perspective, focusing on the "what?" rather than the "why?" and "how?".
Though certain teachers who have the experience and interest might incorporate Robotic Telescope research in their astronomy classes, the majority who follow the "intended" curriculum will not consider using Robotic Telescopes in their classroom. We infer that time constraints and limited knowledge are key factors. This provides the impetus for astronomy educators and astronomers to be a lot more involved and active in the field of curriculum development.
